Background-The efficacy of drug-eluting stents in reducing restenosis risk has not been uniform across patient subsets.
improved outcomes among patients undergoing percutaneous coronary interventions, their efficacy has been limited by the development of in-stent restenosis as a result of neointimal proliferation. [1] [2] [3] Studies have shown that restenosis rates are different in various patient subsets and that specific clinical and angiographic characteristics such as vessel size, diabetes mellitus, and stent type are predictive of a higher risk of restenosis and repeated revascularization procedures after stent implantation. 4 -9 
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Drug-eluting stents, which release controlled amounts of antiproliferative agents targeting the suppression of neointimal formation at the local level, constitute the most effective tool currently available to deal with the problem of restenosis. 10, 11 Sirolimus-eluting and paclitaxel-eluting stents, the 2 drug-eluting stents most extensively studied so far, have markedly altered the outcome of patients undergoing coronary angioplasty, mainly because of their effect on the reduction of restenosis. Thanks to their better efficacy, sirolimus-eluting and paclitaxel-eluting stents are being used increasingly during percutaneous coronary interventions. However, the efficacy of these drug-eluting stents, albeit to a lesser degree than that of bare metal stents, has not been uniform across different patient populations, which suggests that specific characteristics still confer an increased risk of restenosis after drug-eluting stent placement. [12] [13] [14] [15] Identification of those clinical and angiographic characteristics that may predict the risk of restenosis and repeated revascularization procedures in the new era of drug-eluting stents may be of particular interest, because it may assist in the improvement of existing or the development of new tools and strategies to eliminate restenosis. Therefore, we addressed this issue in a large series of consecutive patients who underwent implantation of either sirolimus-eluting or paclitaxel-eluting stent(s) and were followed up both angiographically and clinically.
Methods

Study Patients
Those eligible for this study included all consecutive patients presenting with symptomatic coronary artery disease between Au-gust 2002 and December 2004 who underwent successful implantation of a sirolimus-eluting or paclitaxel-eluting stent for de novo lesions located in native coronary vessels in 2 tertiary centers, Deutsches Herzzentrum and First Medizinische Klinik rechts der Isar, both in Munich, Germany. Patients with acute ST-segmentelevation myocardial infarction or target lesion located in the left main trunk were excluded. From August 2002 to June 2003, the sirolimus-eluting stent was the only drug-eluting stent approved for use. Thereafter, assignment to sirolimus-or paclitaxel-eluting stent was done in the settings of randomized trials comparing these drug-eluting stents. All patients received the same drug-eluting stent if Ͼ1 lesion per patient was treated, and patients gave informed consent for the angiographic follow-up study at 6 to 8 months after intervention and for clinical follow-up study at 1, 6 to 8, and 9 months after intervention. Both clinical and angiographic follow-up study protocols were approved by the institutional ethics committee.
Stent Placement and Adjunct Drug Therapy
Patients underwent implantation of sirolimus-eluting stents (Cypher; Cordis, Johnson & Johnson, Miami Lakes, Fla) or paclitaxel-eluting stents (Taxus; Boston Scientific, Boston, Mass). Sirolimus-eluting stents were available in 2.25-to 3.5-mm diameters and 8-to 33-mm lengths. Paclitaxel-eluting stents were available in 2.25-to 3.5-mm diameters and 8-to 32-mm lengths.
All patients received a loading dose of 600 mg clopidogrel for at least 2 hours before coronary angiography and an intravenous bolus of 500 mg aspirin. After the intervention, the protocol-mandated antiplatelet therapy consisted of aspirin 100 mg twice a day indefinitely and clopidogrel 75 mg twice a day until discharge and 75 mg/d for at least 6 months. Other medicaments such as ␤-blockers, statins, and angiotensin-converting enzyme inhibitors were given as appropriate.
Coronary Angiography Evaluation and Definitions
Qualitative and quantitative evaluation of the angiograms was performed by the core laboratory of the Deutsches Herzzentrum. The operators who performed the evaluation were unaware of the study in which the patients were participating and the stent type used. Two coronary lesions were defined as independent lesions when they were situated in 2 different coronary segments. The modified American College of Cardiology/American Heart Association grading system (type A, B1, B2, and C) was used to characterize lesion morphology. 16 Calcified lesions were defined in the presence of moderate or severe calcifications as previously described. 17 Bifurcation lesions were defined as lesions requiring placement of stents in both component branches. Overlapping stents were defined in the presence of Ն5-mm overlapping.
Digital angiograms were analyzed offline with the use of an automated edge-detection system (CMS; Medis Medical Imaging Systems). All measurements were performed on cineangiograms recorded after intracoronary nitroglycerin administration. The same single, worst-view projection was used at all time points. The contrast-filled nontapered catheter tip was used for calibration. The reference diameter was measured by interpolation. The angiographic parameters obtained were reference diameter, lesion length, minimal lumen diameter, diameter stenosis, maximal balloon pressure, maximal balloon diameter (using actual measurement of maximal balloon size), and length of the stented segment. Binary angiographic restenosis was defined as diameter stenosis Ն50% in the in-segment area (including the stent area and 5-mm segments proximal and distal to the stent edges). Target lesion revascularization (clinical restenosis) was defined as any revascularization procedure, percutaneous or surgical, involving the target lesion and performed in the presence of angiographic restenosis accompanied by symptoms or signs of ischemia. The procedure was considered successful if residual stenosis was Ͻ30% with TIMI flow grade 3.
Statistical Analysis
Continuous variables are expressed as meanϮSD; categorical variables, as proportions. We assessed differences between the 2 groups of patients with and without restenosis using the t test for continuous data and 2 test for categorical data. The main analysis tested the association of any risk factor with outcomes of interest (binary angiographic restenosis and target lesion revascularization). The significant predictive factors were obtained by multivariate analysis. We used generalized estimating equations to address the intrapatient correlation in patients who underwent multilesion intervention. 18, 19 Adjusted odds ratios (ORs) were calculated with the use of generalized estimating equation models. We used a tree-based modeling technique of predictors for angiographic restenosis and target lesion revascularization. 20 For this purpose, classification and regression trees (CARTs) for each of the above-mentioned outcomes were developed. The CART model was constructed using only independent correlates of the specific outcome as determined by generalized estimating equations. Subtrees beyond the first 2 levels were snipped off for the sake of clarity. All probability values shown are 2 sided, and the level of statistical significance was set at 0.05. Analyses were performed with the S-Plus statistical package (Mathsoft Inc, Seattle, Wash).
The authors had full access to the data and take responsibility for their integrity. All authors have read and agree to the manuscript as written.
Results
We included 1845 patients with 2093 lesions in this study. Overall, 1030 patients received sirolimus-eluting stents in 1151 lesions, and 815 patients received paclitaxel-eluting stents in 942 lesions. Early stent thrombosis during the first 30 days after the procedure occurred in 9 patients: 3 patients (0.3%) who received sirolimus-eluting stents and 6 patients (0.7%) who received paclitaxel-eluting stents (Pϭ0.17). Follow-up angiography was performed in 1495 patients (81.0%) and 1703 lesions (81.4%) an average of 193Ϯ63 days after the index procedure. Follow-up angiography was not performed in 350 patients. For 35 patients (18 of the 1030 patients [1.7%] who received sirolimus-eluting stents and 17 of the 815 patients [2.1%]who received paclitaxel-eluting stents), the reason was death before the scheduled follow-up angiography. Death was of cardiac origin in 29 patients (sudden cardiac death in 9 patients [2 patients with sirolimuseluting stents, 7 patients with paclitaxel-eluting stents], myocardial infarction in 4 patients [3 patients with sirolimuseluting stents, 1 patient with paclitaxel-eluting stents], and progressive congestive heart failure in 16 patients [10 patients with sirolimus-eluting stents, 6 patients with paclitaxeleluting stents]); 2 deaths were related to sepsis (1 patient with sirolimus-eluting stents, 1 patient with paclitaxel-eluting stents); 1 death was a result of stroke (paclitaxel-eluting stent group); 1 death resulted from massive bleeding (paclitaxeleluting stent group); 1 death was caused by carcinoma (sirolimus-eluting stent group); and 1 death was a suicide (sirolimus-eluting stent group). The remaining patients declined to undergo the procedure. There were no differences in baseline characteristics between patients with and those without follow-up angiography except for age and sex; patients with follow-up angiography were younger (65.6Ϯ10.3 versus 67.3Ϯ10.9 years; Pϭ0.004) and more frequently men (79% versus 73%; Pϭ0.02) compared with those without follow-up angiography. In addition, 12% of the patients with follow-up angiography and 10% of the patients without follow-up angiography had multiple lesion intervention (Pϭ0.15).
Angiographic restenosis was detected in 222 lesions (13.0%). At follow-up angiography, 1.2% of those treated with sirolimus-eluting stent(s) and 2.4% of lesions treated with paclitaxel-eluting stent(s) were found to be totally occluded (Pϭ0.05). Target lesion revascularization was performed in 192 lesions (9.2%) an average of 160Ϯ62 days after the index procedure.
Univariate Analysis
This analysis identified several factors associated with a higher risk of restenosis. Age, female sex, and previous aortocoronary bypass surgery (Table 1) , as well as lesion complexity, chronic occlusion, vessel size, and initial diameter stenosis ( Table 2) , correlated with angiographic restenosis. As shown in Table 3 , there were significant differences between the groups with and without restenosis at follow-up angiography with respect to most of the procedural characteristics.
Among clinical factors, only previous aortocoronary bypass surgery was associated with a higher risk of target lesion revascularization (Table 4 ). With respect to baseline angiographic lesion characteristics, chronic occlusion (Pϭ0.002), vessel size (PϽ0.001), and initial diameter stenosis (Pϭ0.009) were significantly associated with target lesion revascularization ( Table 5 ). With respect to procedural characteristics, maximal balloon diameter (Pϭ0.03), type of drug-eluting stent (Pϭ0.003), presence of overlapping stents (Pϭ0.02), and final diameter stenosis (Pϭ0.002) significantly correlated with the likelihood of reintervention (Table 6 ).
Multivariable Analysis
We entered into the multivariable model all the baseline clinical, angiographic, and procedural characteristics shown in Tables 1 through 3 . After adjustment, female sex and a history of aortocoronary bypass surgery were independently (Table 3) . With regard to angiographic restenosis, the use of sirolimus-eluting stent(s) was associated with an adjusted OR of 0.60 (95% CI, 0.44 to 0.81), whereas there was an OR of 1.30 (95% CI, 1.15 to 1.47) for each 5% increase in final diameter stenosis. In the multivariable model of target lesion revascularization, only 1 clinical variable, a history of aortocoronary bypass surgery, was independently associated with a higher risk (Table 4 ). Among baseline angiographic parameters, calcified lesion, vessel size, and initial diameter stenosis were independent predictors of target lesion revascularization (Table 5). A 0.5-mm decrease in vessel size was associated with an adjusted OR of 1.65 (95% CI, 1.22 to 2.23). Among procedural characteristics that independently predicted target lesion revascularization were drug-eluting stent type and final diameter stenosis (Table 6 ). With regard to target lesion revascularization, the use of sirolimus-eluting stent(s) was associated with an adjusted OR of 0.67 (95% CI, 0.49 to 0.91), whereas there was an OR of 1.18 (95% CI, 1.03 to 1.35) for each 5% increase in final diameter stenosis.
CART Analysis
The results of CART analysis are shown in Figures 1 and 2 . The strongest predictors of restenosis were vessel size, drug-eluting stent type, and final diameter stenosis. The analysis shows that the type of drug-eluting stent was important only for small vessels (smaller than the median value of 2.6 mm). The incidence of target lesion revascularization was as low as 6.6% when larger vessels were treated, achieving a final diameter stenosis Ͻ8.3% and as high as 15 .6% when paclitaxel-eluting stents were placed in small vessels. More specifically, the incidence of target lesion revascularization in small vessels was 7.8% after placement of sirolimus-eluting stent(s) and 15.6% after placement paclitaxel-eluting stent(s); the incidence of target lesion revascularization in larger vessels was 7.2% for both sirolimus-and paclitaxel-eluting stents. 
Discussion
In the present study, we analyzed the predictors of angiographic and clinical restenosis in a series of consecutive patients who underwent implantation of either sirolimuseluting or paclitaxel-eluting stents. This is the largest number of patients with follow-up angiography studied so far. Overall rates of lesion-based angiographic and clinical restenosis were 13.0% and 9.2%, respectively, further supporting the efficacy of this new technology. Our main results can be summarized as follows: In the era of drug-eluting stents, clinical characteristics play a less relevant role in the prediction of restenosis, and in particular, the presence of diabetes mellitus is not associated with an increased risk; in contrast, vessel size, type of drug-eluting stent, and final angiographic result are strong independent predictors of both angiographic and clinical restenosis. Drug-eluting stents represent a major advance in cardiology. The improved outcomes with respect to angiographic and clinical restenosis associated with their use have been shown in several randomized trials that have included patients with various clinical and angiographic characteristics. Although angiographic and clinical restenosis rates with drug-eluting stents are markedly lower compared with bare metal stents, the reported benefit has not been homogeneous across various clinical and angiographic subgroups and with different drug-eluting stents. Consequently, investigators have suggested that several factors may confer a higher risk of restenosis after drug-eluting stent implantation. One of these factors is the reference diameter of the treated vessel, which has been long been regarded as an important predictor of restenosis. 21 In the Sirolimus-Coated Bx Velocity Balloon-Expandable Stent in the Treatment of Patients With De Novo Coronary Artery Lesions (SIRIUS) trial, rates of angiographic restenosis were 17.6% in small vessels and 1.9% in large vessels. 22 With respect to target lesion revascularization rates, they were 6.3% in the subgroup with a vessel size Ͻ2.75 mm compared with 1.9% in the subgroup with vessels size Ն2.75 mm. 13 Similarly, in Treatment of De Novo Coronary Disease Using a Single Paclitaxel-Eluting Stent (TAXUS V) trial, the subgroup with small vessels had an angiographic restenosis rate of 31.2%, and the subgroup with large vessels had a restenosis rate of 3.5%. 15 Target lesion revascularization rates in the respective vessel size groups were 10.4% and 0%. 15 In our study, the subgroup of vessels with reference diameter Ն2.6 mm had a significant reduction in the odds of angiographic restenosis and clinical restenosis 
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compared with the subgroup with reference diameter Ͻ2.6 mm. These results provide strong support for the role of vessel size as an important predictor of restenosis in the drug-eluting stent era. Diabetes mellitus has traditionally been considered a major risk factor for the development of restenosis after coronary angioplasty with or without stenting. 5, 23 However, data from recent studies of drug-eluting stents have not consistently related diabetes mellitus with increased rates of restenosis and repeated revascularization procedures. In the subgroup of diabetic patients treated with sirolimus-eluting stents from the SIRIUS trial, angiographic restenosis rates were 17.6% among patients with diabetes mellitus and 6.0% among patients without diabetes mellitus. 24 Lemos et al 25 found in 238 registry patients treated with sirolimus-eluting stents that diabetic patients more frequently developed angiographic restenosis compared with their nondiabetic counterparts. In contrast, Kuchulakanti et al 26 found no difference in target lesion revascularization rates between 403 patients with diabetes mellitus and 750 patients without diabetes mellitus. Similarly, in the studies of Berenguer et al 27 and Migliorini et al, 28 diabetes mellitus was not an independent predictor of angiographic and clinical restenosis. Comparable rates of angiographic restenosis rates also were found among patients with (6.4%) and without (8.4%) diabetes mellitus in the diabetes substudy of TAXUS IV trial. 29 However, all the above-mentioned studies have analyzed only patients treated with a particular drug-eluting stent and have had different population sizes and angiographic follow-up rates. In our study, the presence of diabetes mellitus was not associated with an increased risk for angiographic and clinical restenosis in both the univariate and multivariate analyses. Yang et al 30 also did not find an increased risk of restenosis among 226 diabetic patients compared with 560 nondiabetic patients treated with sirolimus-eluting and paclitaxel-eluting stents. It is possible that the high efficacy of these drug-eluting stents has eliminated the propensity of diabetic patients to develop a more pronounced response to balloon and stent injury, leading to more neointimal proliferation, lumen renarrowing, and ultimately increased restenosis and the need for repeated revascularization procedures.
In our study population, we found that the type of drugeluting stent used was a strong independent predictor of restenosis. This confirms the prediction made by previous studies based on the model relating late lumen loss to angiographic and clinical restenosis that different clinical outcomes may be expected from 2 drug-eluting stents with different extents of late lumen loss. [31] [32] [33] Moreover, we showed that differences between the 2 drug-eluting stents used in this study were restricted mainly to small coronary vessels. This finding also has been reported previously in a study analyzing a series of 197 patients treated with these 2 drug-eluting stents in small coronary arteries. 34 Recently, several randomized and nonrandomized studies that have compared sirolimus-eluting with paclitaxel-eluting stents in various subsets of patients with coronary disease have been published. 30, [35] [36] [37] [38] [39] [40] [41] [42] In 3 randomized studies, angiographic restenosis, target lesion revascularization rates, or both were significantly lower with sirolimus-eluting stents compared with paclitaxel-eluting stents. 36 -38 Similar findings also were reported from the nonrandomized prospective study of Yang et al. 30 In 3 other randomized studies, 35, 39, 40 there were no significant differences between the 2 drug-eluting stents, although in 1 study there was a clear trend toward better outcomes with sirolimus-eluting stents. 40 In the other 2 studies, target vessel revascularization rates were not significantly different between patients treated with either drugeluting stent despite an absolute difference favoring the sirolimus-eluting stents. 41, 42 A recent meta-analysis of 6 randomized trials showed a clear benefit with sirolimuseluting stents compared with paclitaxel-eluting stents. 43 Several explanations, including differences in pharmacological action between sirolimus and paclitaxel, drug-release kinet- ics, pattern of drug distribution in the arterial wall, and stent characteristics, have been provided as possible causes of the observed difference in the effectiveness between the sirolimus-eluting and paclitaxel-eluting stents. Our finding that the difference between the sirolimus-eluting and paclitaxel-eluting stents was confined almost exclusively to small vessels (Ͻ2.6 mm) might be particularly valuable for the process of stent selection.
The present study also showed that the short-term result of the intervention as reflected by final diameter stenosis is a major factor for restenosis. This is in line with previous findings from studies on bare metal stents 4 and demonstrates that the use of drug-eluting stents does not attenuate the value of optimal acute angiographic results.
Study Limitations
The large majority of the patients included in this analysis had participated in randomized trials comparing sirolimuswith paclitaxel-eluting stents. However, these stents were not simultaneously available to us; sirolimus-eluting stents were approved earlier for use. Thus, this cohort also includes patients not randomly assigned to a given drug-eluting stent type, and this study lacks the comparative power of specifically designed trials on the relative merits of sirolimus-and paclitaxel-eluting stents. 43 In addition, because of distinct characteristics in stent design and delivery platforms, blinding of stent assignment is impossible even in the framework of a randomized trial. A major limitation of the present study is that it represents the experience gained with only 2 drug-eluting stents, the sirolimus-eluting stent (Cypher) and the paclitaxel-eluting stent (Taxus). Although these stents are currently the most commonly used drug-eluting stents, the findings of the present study cannot be extrapolated to other sirolimus-or paclitaxel-eluting stent platforms in development or other drug-eluting stents coated with different antirestenotic agents. It should also be noted that we used pretreatment with a loading dose of 600 mg clopidogrel. Although no data exist to support an influence of clopidogrel dose in restenosis, we do not know to what extent the present findings can be extrapolated to other clopidogrel pretreatment regimens. Another limitation to be acknowledged is missing follow-up angiographies in 19% of the patients, mainly because of patient refusal. This may reduce the accuracy of angiographic results at follow-up. However, the main findings relative to angiographic restenosis were largely supported by findings relative to clinical restenosis or target lesions revascularization. In addition, angiographic restenosis was defined on the basis of the magnitude of lumen renarrowing in follow-up angiography, but we acknowledge that coronary angiography cannot reliably differentiate between thrombosis and restenosis as causes of lumen renarrowing.
Conclusions
Vessel size and drug-eluting stent type are the most important predictors of angiographic and clinical restenosis. Drugeluting stent type has a particular impact on restenosis in small coronary vessels; this finding may facilitate the process of drug-eluting stent selection.
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